Abstract: This study aimed to assess the impact of different land uses on the spore density and richness of arbuscular mycorrhizal fungi (AMF) in a Red Latosol of a tropical savanna biome in Brazil ("Cerrado"). Ten soil samples and roots were obtained from a riparian forest, a pasture, an annual crop production system with no tillage, and a coffee plantation in dry and wet seasons. Spores were extracted, counted, and identified from field soils, and roots were stained to assess mycorrhizal colonization. A total of 42 AMF species were detected in all four land uses. The genus Acaulospora had the largest number of species (18), followed by Glomus (6) and Gigaspora (5). Gigaspora decipiens and Gigaspora margarita were present in all areas, regardless of the sample period. Gigaspora decipiens was the species most frequently recovered and contributed to the majority of spores in coffee plantations and riparian forest. Cetraspora pellucida was dominant in the area of no tillage and Acaulospora tuberculata in the pasture. Low species richness was detected in soils under the coffee plantation, with AMF communities dominated almost exclusively by members of Gigasporaceae. We conclude that the area under the coffee plantation caused a reduction in the richness of AMF species and promoted a dominance of a single family AMF compared with the pasture area.
réduit la diversité des espèces de MA et favorise la domination d'une seule famille, comparativement à la situation observée dans le pâturage. [Traduit par la Rédaction] Mots-clés : forêt riveraine, vocation des terres, colonisation par les mycorhizes, café, pâturage, non-travail du sol.
Introduction
The mycorrhizal symbiosis established between arbuscular mycorrhizal fungi (AMF) (Phylum Glomeromycota) and plant roots that contribute to plant nutrition, in particular to uptake of low mobility nutrients from soil solutions such as P, Zn, and Cu, translating into higher plant tolerance of abiotic factors (Jasper et al. 1992) . By extending their hyphae beyond the rhizosphere into the bulk soil, these fungi promote the formation and stability of soil aggregates (Rillig 2004 ) and help plant establishment in environments under water stress (Auge 2004) . These functions prove the importance of this group of soil fungi to sustainable agriculture, especially when considering that soil management practices and distinct land uses affect AMF density and diversity in soils (Siqueira et al. 1998; Stürmer and Siqueira 2011) .
Arbuscular mycorrhizal fungi are ubiquitous in the majority of terrestrial environments, and evidence is building that they contribute to plant diversification and ecosystem productivity (Van Der Heidjen et al. 1998) . Some studies have demonstrated a positive and significant relationship between plant diversity and productivity, measured as biomass accumulation, when plants are associated with AMF in natural systems (Klironomos et al. 2000; Allen et al. 2003) . On the other hand, the intensive use of fertilizers and other agriculture inputs can lead to a reduction of up to 50% of AMF species in agrosystems compared with natural systems (Sieverding 1991) . Highly managed agriculture systems are selected for certain AMF species, and this selection is not necessarily toward species with high symbiotic efficieny but for survival capacity (Siqueira 1994) . Adoption of conservation systems, such as no tillage, results in increasing density and diversity of AMF and mycorrhizal infectivity .
In Brazil, the Cerrado represents a tropical savanna type of biome that occupied originally a quarter of the total Brazilian territory. Due to expansion and consolidation of agricultural frontiers, the original vegetation of the Cerrado was reduced by almost half in the country (IBGE 2010) . Information on the effect of distinct agricultural management practices and land uses upon AMF populations in the Cerrado are scarce (Cordeiro et al. 2005; Miranda et al. 2005; Ferreira et al. 2012; Assis et al. 2014; Carneiro et al. 2015) , and occurrence of AMF species in this biome has been reported in few studies. Siqueira et al. (1989) found 19 AMF species associated with native (woody and grassy) plants of Cerrado, indicating that Acaulospora morrowiae, Acaulospora scrobiculata, Cetraspora pellucida, and Gigaspora sp. were the dominant species. Bononi and Trufem (1983) detected 24 species of AMF associated with 62 plant species with Scutellospora calospora, Dentiscutata heterogama, and Scutellospora nigra being the most frequent species. Schenck et al. (1989) found a higher number of AMF species in native Cerrado compared with adjacent agroecosystems. Considering the drastic reduction in Cerrado native vegetation and the shifting of the original areas into agriculture fields, it is important to understand how these changes have an impact upon soil fungal communities, important to the sustaintability of ecosystems. In the Amazon, a tropical forest biome adjacent to Cerrado, Leal et al. (2013) observed that a conversion of a pristine Amazon forest to a pasture affected taxonomic composition of AMF but not the overall abundance and diversity.
This study aimed to evaluate the impact of four land uses in a Cerrado Red Latosol on the density of AMF spores and species richness.
Materials and Methods
The study was carried out in the Experimental Field of the Universidade Federal de Goiás, located in Jataí (GO) (17°56′35″S; 51°43′38″W, 672 m altitude). Climate was Aw, according to Köppen, characterized as mesothermic with a mean annual temperature of 22°C and a mean annual rainfall ranging from 1650 to 1800 mm, distributed mainly between September and April. The experimental field was originally at Cerrado.
Four areas representing distinct land use were selected: annual crop production no tillage system (NT), pasture (PS), a coffee plantation (CF), and a riparian forest (RP), the last one representing the native undisturbed vegetation. These areas are adjacent and the description is in Table 1 . Soil was a Red Latosol (Rhodic Hapludox) with the following physical properties: sand = 320 g kg −1 ; silt = 110 g kg −1 ; and clay = 570 g kg −1 . Soil chemical attributes of each land use are shown in Table 2 .
In each area, 10 plots (400 m 2 ) and nine subsamples (0-10 cm deep) per plot were used to make one composite sample, resulting in 10 samples per area. This sampling design was applied in the PS and NT areas, while in the CF and RP, soil samples were collected from individual trees at the border of the canopy projection. Samples were taken in September 2007 (dry season) and March 2008 (wet season). Soil samples were conditioned in thermic boxes for transportation from the field to the laboratory where they were stored at 4°C until analysis. Soil samples were passed through a 2 mm sieve to recover root pieces that were then stored in 70% alcohol and stained according to Koske and Gemma (1989) and Grace and Stribley (1991) . After staining, 100-150 root pieces (1 cm length each) were mounted in slides with glycerin and observed under a light microscope. Percentage of mycorrhizal colonization was quantified based on the presence and absence of fungal.
Arbuscular mycorrhizal fungi spores were extracted from 50 mL of soil from each sample by wet sieving (Gerdemann and Nicolson 1963) followed by centrifugation in water and sucrose (45%). Spores were separated by morphotypes according to their color, size, and shape under a dissecting microscope and then counted. For identification at the species level, spores were mounted in polyvinyl, lactic acid, and glycerol (PVLG) and PVLG mixed with Melzer's reagent (1:1, v/v) (Morton 1993) . Spores were broken by pressuring the coverslip with a needle to allow the separation of the spore wall from the germinal walls (when present) and expose the latter to stain in Melzer's reagent. Slides were kept at room temperature for 3-4 d and then dried at 40°C to clear spore contents and make slides permanent. AMF species identification was carried out by comparing spore subcellular structures with original protocols of species description, Schenck and Pérez (1988) manual, and species descriptions that were provided on INVAM's webpages (International Culture Collection of (Vesicular) Arbuscular Mycorrhizal Fungi -http://invam.caf.wvu. edu). The family and genera level taxonomy reported in this paper follows Redecker et al. (2013) .
The number of AMF species detected in each area was used as an estimate of species richness (R) and Simpson's dominance (D). Arbuscular mycorrhizal fungi spore numbers were used to determine Shannon's diversity index [H′ = P p i (log p i ), where p i is the relative spore abundance of each species]. Differences of Shannon index among areas were tested using the procedures of . Area size = 7.2 ha.
No tillage (NT)
This area is under annual crop production system no tillage since 2000 and with crop rotation of soybean and corn. In the sampling year 360 kg ha −1 of a 00-23-23 (NPK) fertilizer was applied to the soil. In the intercrop season, the area was sown with sorghum and received 150 kg ha −1 of a 08-20-10 (NPK) fertilizer. Area size = 30 ha.
Pasture (PS)
Pasture with Brachiaria decumbens under continuous management. The last intervention was in 2006 with the application of 2.5 t ha −1 of dolomitic limestone. It shows signs of early degradation due to decrease of soil fertility caused by no fertilization and high grazing pressure. No invasive plant species were detected. Area size = 15 ha.
Riparian forest (RF)
Native vegetation forming a Gallery Forest nearby a water spring. Woody species 5 m height, recurved stems, assymetric canopies, and forming a thick litter layer. No anthropic influence. Area size = 10 ha. (Hammer et al. 2001) . Data from spore density and root colonization were transformed using the mathematical functions (x + 0.5) 0.5 and arcsen(x/100) 0.5 , respectively. Data were submitted to ANOVA, and means were separated by Tukey's test (P = 0.05) using the statistical package (Saeg 2007) . Multivariate canonical analysis was performed using data from all studied variables. Canonical variates 1 and 2 were the most informative based on eigenvalues. Their predictor variables explained more than 80% of total criterion variables, as recommended by Cruz and Regazzi (1994) . This analysis was conducted using the software Genes (Cruz 2006) . Treatments and types of management were grouped according to the methods of Tocher and the matrix of Mahalanobis, respectively.
Results
A total of 42 AMF species belonging to 10 genera were detected, in all areas, in both sampling periods (Table 3) . Arbuscular mycorrhizal fungi species belonged to the families of the Acaulosporaceae, Gigasporaceae, Glomeraceae, Claroideoglomeraceae, and Paraglomeraceae. Acaulospora was the genus with the largest number of species recovered (18) followed by Glomus (5), Gigaspora (5), Dentiscutata (3), and Scutellospora (3). Funneliformis, Cetraspora, and Paraglomus were represented by only one species each. Only Gigaspora decipiens and Gigaspora margarita were detected in all four land uses, in both sampling periods, the former producing a large number of spores. Eighteen species were detected only once: 12 of them being recovered in the dry season (Table 3) . In this study, 10 species were identified only at the genus level: three Acaulospora, one Gigaspora, two Scutellospora, and four Glomus.
Regardless of the sampling period, G. decipiens was the most frequent species in riparian forests and coffee plantations, contributing to 33.8-34.5% and 67.1-74.0% of spores, respectively (Table 3 ). In the no tillage area, C. pellucida was the most prolific sporulator in both periods and together with G. margarita and Dentiscutata scutata accounted for 61.7% of spores recovered in the wet season. For the pasture, Acaulospora tuberculata was the most abundant spore producer and accounted for 20.2% and 25.9% of the spores in the dry and wet seasons, respectively.
The spore density of AMF was similar between areas regardless of the period evaluated and ranged from 51 to 74 spores per 50 mL of soil. Mycorrhizal root colonization in coffee plantations was 61% and statistically different from values detected in the other areas whose values of root colonization averaged 38%.
Regardless of sampling period, the Shannon diversity index and the species richness were low in coffee plantations compared with other systems (Table 3) . Dominance in coffee plantation (0.48-0.56) was also larger compared with other areas that had dominance ranging from 0.10 to 0.17.
The most frequent species recovered in this study was G. decipiens (83.3%) followed by C. pellucida (40.2%), G. margarita (37.5%), and A. tuberculata (32%). The majority of the species (26 out of 42) were found in less than 10% of the samples (Fig. 1) .
Considering the relative spore abundance per fungal family, AMF communities were dominated by Gigasporaceae in the coffee plantation, the no tillage system, and the riparian forest, in both periods (Fig. 1) . In the riparian forest, Gigasporaceae was dominant in both periods but with lower contribution to the total number of spores compared with coffee and no tillage land uses. In the pasture, Acaulosporaceae and Gigasporaceae accounted for 44% and 45% of the total number of spores, respectively, during the dry period (Fig. 1) .
Overall, 26 AMF species were recovered in the riparian forest, the pasture, and the no tillage system, compared with only 10 species in the coffee plantations (Fig. 2) . During the dry season, the largest number of species recovered was in the no tillage system (21) followed by the pasture (16) and the riparian forest (14). Conversely, in the wet season, 23 AMF species were detected in the pasture followed by the riparian forest and the no tillage (Fig. 2) . The pasture and no tillage areas were the land uses with the largest number of exclusive species, 12 and 9, respectively (Fig. 2) .
Canonical analysis which considered data of AMF richness, spore abundance, mycorrhizal colonization, and soil chemical attributes in both periods (dry and wet), demonstrated that the first and second canonical variables represent 90% of the total variation. Using Tocher grouping, the dispersion graphic (Fig. 3) depicts the formation of one group, including both the pasture and the no tillage, and two groups formed each only by the coffee plantations and the riparian forest.
Discussion
In this study, we found a high diversity of AMF associated with four adjacent land use systems within the Cerrado area. Ten morphotypes could only be identified at the genus level, and they represent putatively new species. The number of AMF species found in this study was added to those already compiled by Stürmer and Siqueira (2006) , and increased to 63, the number of AMF species registered to Cerrado and reinforces that tropical savanna ecosystems might hold a large diversity of AMF compared with other biomes in the world. Production of fine root biomass that is significantly higher in savannas relative to other biomes, influences AMF abundance (Treseder and Cross 2006) , and the species' richness might be one factor that accounts for this high diversity. Our results also highlight the importance in conserving native areas of Cerrado, to shelter The first record of this species in the biome Cerrado.
belowground biodiversity: this study represents the first record of 15 species of AMF to the Cerrado.
Overall, the most frequent species recovered in each area also produced the larger number of spores, and they were represented mainly by organisms pertaining to the family Gigaporaceae. Members of this family seem to be of common occurrence in the Cerrado as they also represent the most frequent fungi reported by Bononi and Trufem (1983) and Siqueira et al. (1989) . It is interesting that the suite of species found by these authors includes S. calospora, D. heterogama ( = Scutellospora heterogama), D. nigra ( = S. nigra), C. pellucida ( = S. pellucida), and a Gigaspora sp., while in our study, G. decipiens, G. margarita, D. scutata, and C. pellucida were the most frequent species.
Our results show that the prediction of AMF species composition for biomes, plant communities, or soil types remains uncertain. Historical factors like dispersion over long periods of time must be considered as determinants of AMF communities. Our results contrast with those found for savanna ecosystems in Africa where species of Glomus and Acaulospora were detected in larger numbers compared with members of Gigasporaceae (Li et al. 1996; Tao et al. 2004; Tchabi et al. 2008) . Our results emphasize the importance of two sampling periods to study AMF communities, Fig. 1 . Overall frequency of occurrence (%) of arbuscular mycorrhizal fungi identified in the dry and wet periods (A) and relative abundance (%) of families of Glomeromycota (B) in riparian forest (RF), pasture (PS), no tillage (NT), and coffee plantation (CF) in Cerrado. Fig. 2 . Total number of arbuscular mycorrhizal fungal (AMF) species (bars) and number of exclusive species (values inside the bar) with their identity from coffee plantations (CF), no tillage systems (NT), pasture (PS), and riparian forest (RF) occurring in Cerrado in the dry and wet seasons. especially in geographical regions where dry and wet seasons are well delimited temporarily as it occurs in the Cerrado. First, the 15 species pertaining to four genera were detected only in one period of sampling. Second, differences between the dry and wet season were also detected in the total spore production, although it was area dependent. Considering all areas sampled, the total number of spores averaged 329 and 176 spores 50 mL −1 soil in the dry and wet seasons, respectively, with a twofold difference between periods. Sporulation is one physiological mechanism for fungal organisms to disperse. Sporulation in AMF species is triggered when plant hosts are submitted to abiotic stresses (drought and high temperatures) or certain management practices (fertilization and pruning) (Guadarrama and Álvarez-Sánches 1999) . Staddon et al. (2003) suggested that responses of AMF to drought can be attributed to changes in the external mycelium network densities and indirectly, mediated by changes in density and relative abundance of plant hosts between seasons. At sampling, coffee trees (in CP) and sorghum (in NT) showed evidence of drought stress, and in both systems, plant density and richness are low which could explain the larger number of AMF spores found in the dry period. In both areas, plants were allocating resources for growth and differentiation in the wet season which could reduce carbon allocation to their fungal partners and consequently decrease sporulation. Conversely, in the riparian forest and the pasture, total spore numbers were similar between the dry (263 and 306) and wet (281 and 263) seasons, respectively. Plant density and richness did not change between sampling periods in these areas which could explain the small variation in spore numbers found between seasons.
Species richness was a third factor affected by the dry and wet seasons. Species richness detected in the wet season was higher in the riparian forest and the pasture compared with the dry season, while the opposite was observed for the no tillage and coffee plantations. We consider that this pattern is also related to drought stress influencing spore abundance differently in each area. As spore numbers increase, chances are that more species sporulate (and therefore are detected from fieldcollected spores). Influences of these stresses are probably more evident in agricultural systems compared with natural systems, the latter being more buffered against climatic variations.
Our results showed that land-use intensity affected AMF species richness and community composition, based on morphological spore identification. Species richness was at the same level in the riparian forest, the pasture, and the no tillage but dropped considerably in the coffee plantation. Our results demonstrate that land-use intensity affects AMF species richness detection and community composition. Although only one area for each land-use system was sampled, our samples comprised 10 composite samples in each area and sampling was repeated in the dry and wet seasons. High-intensity agriculture is a characteristic of the coffee plantation as management practices include application of insecticides, herbicides, fungicides, and fertilizers (NPK). Available P in coffee plantation soils (Mehlich I) was 32 mg dm −3 which is considered very high in tropical soils (Table 2) . Phosphorus application during fertilization probably contributed to a reduction in species richness as was also found by Vestberg et al. (2005) . Another factor that could explain the low species richness in coffee plantations is that plants are old and well established and no plants were present in alleys situated between coffee rows, a pattern also found by other authors (Saggin-Júnior and Siqueira 1996; Pavan et al. 1999; Cardoso et al. 2003; Muleta et al. 2007 Muleta et al. , 2008 . According to Siqueira et al. (1989) , in areas with dry seasons and low fertility soils, AMF diversity tends to decrease as the age of the culture increases. Considering that coffee plants are highly mycotrophic (Saggin-Júnior and Siqueira 1996), reducing AMF species richness might decrease the sustainability of coffee plantations that rely increasingly on heavy fertilization and pesticide application to maintain production.
The family Gigasporaceae dominated the mycorrhizal community in all areas, but its relative abundance decreased as land-use intensity decreased. In coffee plantations and nontillage systems, both with high to medium anthropic interference, Gigasporaceae overdominated (relative abundance > 75%), while family abundance in the pasture and the riparian forest was more evenly distributed (Fig. 2) . Dominance of this family in the Cerrado biome is not surprising as Stürmer and Siqueira (2006) observed that 40% of all species in Gigasporaceae are found in Cerrado, compared with Fig. 3 . Canonical correspondence analysis of the arbuscular mycorrhizal fungal communities and soils properties at the four areas studied in Cerrado in the dry and wet seasons. only 20% of the more speciose families Acaulosporaceae and Glomeraceae.
Overdominance of Gigasporaceae in coffee plantations and no tillage land uses is explained mainly by the high sporulation of G. decipiens in the former and G. decipiens and C. pellucida in the latter. This was reflected in the Simpson's dominance that on average was five times higher in coffee plantations than in other areas, despite dominance in the no tillage land use being at the same level of the pasture and the riparian forest. This is explained by the large number of AMF species in the no tillage system sporulating in relatively equal levels ( Table 3 ). The Shannon index was also lower in coffee plantations compared with other areas, and we attribute this result to the high levels of P in the soil (Saggin-Júnior and Siqueira 1996; Siqueira et al. 1998; Muleta et al. 2008 ).
Mycorrhizal root colonization followed the same trend of species richness and was significantly higher in coffee plantations compared with other areas. It was surprising that mycorrhizal colonization was not affected by high P levels found in coffee plantation soils as previous works have shown that P fertilization decreases mycorrhizal root colonization (Douds and Schenck 1990; Allison and Goldberg 2002) . This high level of root colonization (>60%) indicates that despite the high rates of fertilizers applied to the culture, the mycorrhizal symbiosis benefits coffee nutrition, owing to the fact that coffee is highly dependent on mycorrhizal symbiosis (Saggin-Júnior and Siqueira 1996). Siqueira et al. (1998) also observed that mycorrhizal root colonization is elevated in adult coffee plants' field conditions. Canonical analysis using 13 soil variables revealed that areas representing the extreme use of land (riparian forests vs. coffee plantations) formed three distinct groups. The riparian forest is the natural ecosystem in this region of Cerrado and is therefore considered a reference area, while coffee plantations represent the most distant area.
The results show evidence that conventional agriculture radically modifies the biological and chemical properties of soil. It is well known that AMF are intimately linked with soil quality and promoting plant growth and yield, and therefore are important components in agriculture sustainability. Intensive management practices including fertilizer application, use of pesticides, and monocropping, impact AMF (Douds and Millner 1999) , and this study demonstrated how these practices reduce AMF species richness within areas occupied by tropical savannas. The results of our study raise some questions: how does a less diverse community of AMF impact the long-term production of coffee plantations? Are AMF communities exposed to selective pressures due to intensive management practices less efficient in promoting growth and nutrient uptake of a given crop?
In conclusion, agricultural management practices such as the use of fertilizers change AMF communities, compared with a natural ecosystem: although this process seems to be modulated by host plants and crop rotation practices.
